Analysis of involved parties in port water conflicts by Debnath, Ashim & Chin, Hoong Chor
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Debnath, Ashim Kumar & Chin, Hoong Chor (2007) Analysis of involved
parties in port water conflicts. In The 20th KKCNN Symposium on Civil
Engineering, 4-5 October 2007, Jeju, South Korea.
This file was downloaded from: http://eprints.qut.edu.au/51378/
c© Copyright 2007 [please consult the authors]
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
Please cite this article as: 
Debnath, A.K. and Chin, H.C. (2007) Analysis of Involved Parties in Port Water Conflicts. In: Proc. of the 20th 
KKCNN Symposium on Civil Engineering, October 4-5, Jeju, Korea. 
 
 
Analysis of Involved Parties in Port Water Conflicts 
 
*Ashim Kumar Debnath1, Hoong Chor Chin2 
 
12 Department of Civil Engineering, National University of Singapore, Singapore 117576 
ashim@ , cvechc@nus.edu.sg 
 
 
 
ABSTRACT 
 
With increasing rate of shipping traffic, the risk of collisions in busy and congested port waters is expected to 
rise. However, due to low collision frequencies it is difficult to analyze such risk in a sound statistical manner. 
This study aims at examining the occurrence of traffic conflicts in order to understand the characteristics of 
vessels involved in navigational hazards. A binomial logit model was employed to evaluate the association of 
vessel attributes and the kinematic conditions with conflict severity levels. Results show a positive association 
for vessels of small gross tonnage, overall vessel length, vessel height and draft with conflict risk. Conflicts 
involving a pair of dynamic vessels sailing at low speeds also have similar effects. 
 
INTRODUCTION 
 
Maintaining smooth and collision free traffic movements is important for efficient and safe operations of 
seaports. With increasing demand of waterborne transport, the shipping traffic has been greatly increased in size 
and numbers over the past decades. This enhances the likelihood of collisions in port waters, since traffic is 
usually much congested in the designated channels and fairways. From analysis of historical accidents in 
seaports, it can be seen that collisions are over-represented among the accident types (see, Darbra and Casal 
2004). Despite this, there has not been much comprehensive research on this safety hazard. Some recent studies 
(Ronza et al. 2003; Darbra and Casal 2004; Yip 2007) have focused on relationships between accidents and 
vessel particulars, flag states, crew injuries or fatalities, and their characteristics. However, since port water 
accidents are relatively low in number, most of the studies lack sound statistical significance. To overcome this 
problem, Debnath and Chin (2006) proposed a surrogate safety assessment methodology based on the Traffic 
Conflict Technique. Conceptually, it seems to be useful to focus on the conflicts, which are more frequent than 
accidents. The main advantage of using the conflicts is that a larger observation sample can be obtained within a 
short period of time. 
This paper aims at evaluating the association of vessel attributes and kinematic conditions with severity of 
conflicts in port waters. In this paper, a systematic method of measuring the conflicts is first presented, followed 
by a discussion on the use of a binomial logistic regression model to investigate conflict risks. 
 
MATERIALS AND METHODS 
 
Dataset for analysis 
For this study, traffic kinematic data of the Port of Singapore were used. This data was collected from the 
real-time monitoring system – Vessel Traffic Information Services database, which provides information about 
the trajectories of every vessel plying within the port area along with other kinematic information (speed, 
heading etc.) and geometric attributes of the vessels. Such data of seven hour periods accounting variability in 
time and traffic characteristics were taken for this study. 
 
Measurement of conflicts 
Navigational conflicts were measured quantitatively from interpretations of kinematic information. A conflict 
is defined as a situation where two vessels’ projected trajectories are close enough to possess risk of collision, 
given that they keep their course and speed unchanged. Therefore, the conflicts were measured in terms of space 
separation of their projected trajectories. This is termed as ‘Conflict Clearance’ (CC) which is defined as the 
probable closest distance between two conflicted vessels under the condition of unchanged course and speed. 
The CC is independent of the condition of a collision course existence, which means that it is capable of 
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capturing all conflicted cases. 
Suppose, in a crossing collision event, vessels i and j are approaching to each other from their current 
positions ),( iyix  and ),( jyjx  at speeds of ),( iyix   and ),( jyjx   respectively. By employing kinematics, the CC 
of this pair can be expressed as 
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The ijCC is a non-negative parameter representing severity of conflict event in terms of space separation 
between the conflicted pair. A higher value represents a safer situation. Therefore, in order to represent the most 
severe situation in a conflict event, the critical value would be the minimum of ijCC  values over the time period 
of the conflict event. Care need to be taken for cases where vessels have diverging trajectories, since in those 
cases essentially there is no risk of collision. Furthermore, it is necessary to eliminate the insignificant traffic 
interactions, where vessels are quite apart to feel discomfort in navigation. According to Lin (2006), there is a 
safety zone around each vessel which an officer likes to keep clear of other vessels, and it varies from 
approximately 3 to 4 NM. For this study, we have selected the safety zone diameter as 4 NM. 
Once the ijcrC )(  values are obtained for all possible pairs of vessels, the serious conflicts or near-misses can 
be identified by setting a suitable threshold value (Debnath and Chin 2006). For this study, a threshold value of 
ijCC  was selected as 0.1 NM (see, Tan 2005). Observations having ijcrC )(  lower than or equal to 0.1 NM were 
classified as serious conflicts. 
 
Statistical analyses 
Comparisons among the severity levels of conflict events (i.e., serious and low-risk conflicts) in association 
with vessel attributes and kinematic conditions were conducted. For categories of different attributes, such as 
gross tonnage (GT), length-overall (LOA), height and acting draft; percentage distributions of serious and low-
risk conflicts were examined. Their relative involvements (RI) in such conflicts were also examined by taking 
care of each category’s share in vessel population of the study periods. 
Binomial logistic regression analysis was then employed to estimate the risk of involvement of each category 
in relation to conflict severity. In this model, probability of observing a serious conflict )|1()( qPq === QZπ  is 
linear to qω  in terms of its logit 
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where, ω  and Q  are the set of regression coefficients and explanatory variables respectively. 
 
The odds ratio (OR) was used to estimate the likelihood of a serious conflict as compared with a low-risk 
one. Therefore, the ORs presented in results are estimates of relative risk of vessel categories being involved in a 
serious conflict in comparison with a reference category. 
 
RESULTS AND DISCUSSIONS 
 
Figure 1 displays the percentage distribution of vessel involvements in relation to conflict severity levels. 
Vessels of GT lower than 2500 are the most conflict prone category possessing 41% and 33% of serious and low 
risk conflicts respectively. Moreover, this is the only category attributing RI of greater than unity i.e., 39% over-
involved in serious conflicts. Vessels of 50-100 meters LOA are highly involved in both severity levels (40%, RI 
= 1.28 and 34%, RI = 1.1 respectively). Another category of vessels (LOA<50 m) also attribute 23% over-
involvement in serious conflicts though their involvement share is quite low. On the other hand, vessels of 150-
200 m LOA have quite high involvement share (approximately 20% of each severity levels), but their RIs are 
nearly equal to unity. Among categories representing vessel height, vessels of medium height (20-40 m) possess 
high involvement in conflicts. However, there is no relevant sign of their over-involvement in serious conflicts, 
whereas vessels of low height (<20 m) are 37% over-involved in such conflicts, though their share in 
involvement is lower than the former. A similar pattern can be seen for categories representing vessels’ acting 
draft. Vessels attributing medium draft (3-9 m) are highly involved in conflicts, but there is no such evidence in 
RI. On the other hand, though vessel classes of low draft (<3 m) are less involved in conflicts, they are over-
  
 
% Involvement (Serious conflicts) % Involvement (Low risk conflicts) RI (Serious conflicts) RI (Low risk conflicts)
represented in serious conflicts by 45%. From these statistics, it is clear that the small and medium size vessels 
are highly involved in port water conflicts, and among them the former class is over-involved in relation to its 
population share. A similar finding can be seen from an analysis of port water collisions (see, Yip 2007), where 
the cargo ships, barges and tug boats have been found to be highly involved in collisions. 
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Figure 1: Distribution of involvements in conflict severity levels by vessel attributes 
 
 
Effect estimates of the binomial logit model are presented in Table 1 accompanied by their summary statistics 
and odds ratios. The model was tested against the global null hypothesis by using the log likelihood ratio test and 
found reasonable fitting. The likelihood ratio statistics is found as 740.06, well above the critical value of 33.92 
at significance level of 0.05 for 22 df. 
A significantly increasing OR pattern for serious conflicts is observed with decreasing GT. In comparison 
with the reference category (GT≥60,000), all categories attribute higher risk of involvement in serious conflicts. 
Small size vessels (GT<2500) is the most likely class among them, having a 145% increase in odds. It can be 
reasoned that due to higher flexibility in speed adjustment and course alteration these vessels may allow others to 
come quite close in traffic interactions before taking any evasive actions, hence results in higher conflict severity. 
Compared with vessels of LOA less than 50 meters, the next category (50-100 m) is found to be significant 
having almost equal OR. In other words, both categories have equal likelihood of being involved in a serious 
conflict. However, for vessels of LOA greater than 250 m the odds increase by 53%. According to Perez and 
Clemente (2007), maneuverability diminishes as LOA increases. Therefore, for larger turning diameter, this 
group of vessels can remain conflicted for sometime even after taking any evasive actions, which may increase 
the conflict severity further. This could be a reason of such high odds. Furthermore, vessels of 100-150 m LOA 
have significantly negative effect on conflict severity. 
Among the categories describing vessel height and acting draft, only vessels of 20 to 30 meters height (OR = 
0.725) and of 3 to 6 meters draft (OR = 0.88) are found to be significant and negatively associated with serious 
conflicts, in contrast to vessels of greater than 50 meters height and of less than 3 meters draft respectively. 
Results show an increasing OR pattern of serious conflicts with decreasing speed. Among the categories, 
vessels sailing at low speeds (in between 0 and 2 Knots) hold highest OR (4.043), in comparison with the 
reference category of speed greater than 14 Knots. This is the speed at critical point of conflict; therefore, it 
could be reasonable to see such a pattern, since usually vessels mitigate conflicts by slacking speed or altering 
course or both together. Another variable describing kinematic conditions, Vessel underway, is found to be 
significant with OR=1.212 on increasing the odds of serious conflicts by 21%, when both vessels are underway. 
Table 1: Summary statistics of covariates and logit regression estimates 
 
Covariates Categories Summary statistics   Effect estimates Odds ratio Mean Std. dev. Coeff. Std. error 
Gross tonnage (GT)b   <2500 0.336 0.472 0.894* 0.204 2.446 
   2500 – 5000 0.150 0.357 0.721* 0.193 2.056 
   5000 – 15000 0.186 0.389 0.628* 0.173 1.874 
   15000 – 60000 0.260 0.439 0.474* 0.144 1.606 
   ≥60000a 0.069 0.253 0 0 1.0 
Length-overall (LOA, meters)b   <50a 0.090 0.286 0 0 1.0 
   50 – 100 0.346 0.476 0.049* 0.059 1.050 
   100 – 150 0.202 0.402 -0.302* 0.102 0.739 
   150 – 200 0.187 0.390 -0.159 0.139 0.853 
   200 – 250 0.106 0.308 0.265 0.155 1.303 
   ≥250 0.068 0.252 0.422* 0.199 1.526 
Height (meters)b   <20 0.218 0.413 0.280 0.162 1.323 
   20 – 30 0.304 0.460 -0.322* 0.157 0.725 
   30 – 40 0.302 0.459 -0.151 0.147 0.859 
   40 – 50 0.156 0.363 -0.132 0.142 0.876 
   ≥50a 0.021 0.143 0 0 1.0 
Acting draft (meters)b   <3a 0.210 0.407 0 0 1.0 
   3 – 6 0.328 0.469 -0.127* 0.050 0.880 
   6 – 9 0.268 0.443 -0.102 0.072 0.903 
   9 – 12 0.147 0.354 -0.155 0.088 0.856 
   ≥12 0.048 0.214 -0.020 0.118 0.980 
Speed at critical conflict point (Knots)b   >0 - <2 0.170 0.376 1.397* 0.123 4.043 
   2 – 8 0.183 0.387 0.707* 0.125 2.029 
   8 – 14 0.179 0.383 0.297* 0.128 1.345 
  ≥14a 0.044 0.206 0 0 1.0 
Vessel underwayc  0.154 0.361 0.192 0.045 1.212 
Intercept    -4.878 0.252  
Total number of observations  133868     
Likelihood ratio statistics  740.06     
 a: reference category,  b: 1 if yes, 0 otherwise,  c: 1 if both underway, 0 otherwise,  * Significant at 95% confidence level 
 
 
CONCLUSIONS 
 
This study provides valuable insights into the conflict risk of vessel classes at different kinematic conditions 
in port waters. It furnishes statistically significant evidence that vessels of small gross tonnage, height, draft and 
of small and very high overall length, feature high conflict risk. Such high risk is also associated with low speeds 
and both vessels being underway. Findings of this study, from a managerial perspective, can be used to mitigate 
conflicts by providing attention to this group of vessels. 
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